The flavonoids 3,5-dihydroxy-7-methoxy-flavanone, 3,5-dihydroxy-7-methoxyflavone and 3,5,7-trihydroxy-6-methoxyflavone were isolated from the leaves of C. leivensis. Preliminary observations in K562 cells (human erythroleukemia) using the trypan blue test, showed a 90% viability at a concentration of 100  g/mL; however, further testing of the flavonoids at concentrations of 25, 50 and 100  g/mL showed toxicity affecting the morphology of human erythroleukemia cells (K562) and human melanoma cells (A375). Induction of apoptosis was produced by 3,5-dihydroxy-7-methoxyflavone at 72 hours after treatment with arrest in the G2 / M phase of the cell cycle. The A375 cells treated with 50 µg/mL of 3,5-dihydroxy-7-methoxy-flavanone for 24, 48 and 72 hours, display effects on the behavior of the cell cycle. The flavonoid 3,5-dihydroxy-7-methoxyflavone has activity on the mitochondrial membrane at concentrations of 25, 50 and 100 µg/mL, at time intervals of 8 to 12 hours. The flavonoids 3,5-dihydroxy-7-methoxy-flavanone and 3,5-dihydroxy-7-methoxyflavone at a concentration of 25  g/mL increased the expression of costimulatory molecules corresponding to the phenotype presented by mature dendritic cells with differentiation markers CD40, CD83, CD86 and HLA-DR. The two flavonoids at concentrations between 0.39 and 100  g/mL slightly increased the proliferation of peripheral blood mononuclear cells in the presence and in the absence of phytohemagglutinin. These flavonoids at concentrations of 50 and 100  g/mL slightly increased the proliferation of fibroblasts.
Chromolaena species are invasive and cosmopolitan with morphological diversity given by adaptations to different environments and are considered weeds. This genus is constituted by 202 species of which only 13 have undergone chemical studies, and only a few studies have included biological activity. There are no known reports on the species Chromolaena leivensis, C. perglabra, C. tacotana, C. subscandens, C. opadoclinia, C. odorata, C. arnottiana, C. morii, C. Collina, C. connivens, C. glaberrima, C. pseudoinsignis and C. chasleae. Compounds such as sesquiterpenes, diterpenes, triterpenes, flavonoids, cyclic fatty acids, sesquiterpene lactones, germacranolides, have been identified from Chromolaenas. A sesquiterpene lactone was identified from the dichloromethane extract of Chromolaena opadoclina [1] . 5,3-dihydroxy-6, 7,4'-trimethoxyflavone, 5-hydroxy-6,7, 3',4'-tetramethoxyflavone, 5-hydroxy,6,7,3',4',5'-pentamethoxyflavone and a common derived 3,4-dihydroxyacetophenone have been identified in Chromolaena arnottiana [2] . The heliangolide 4'-dihydrochromolaenid and a sesquiterpene lactone were found in Chromolaena glaberrima [3] . The acid 7α-acetoxy-trans-communic was identified In Chromolaena collina and in Chromolaena morii, germacrane D, squalene, flavonols and a fatty acid type prostaglandin were found [5b].
Many studies on biological activity have been conducted in Chromolaena odorata and a few in C. hirsuta, C. moritziana C. perglabra, C. bullata and C tacotana. Among the tested biological activities the following are highlighted: pesticide, insect repellent, antiprotozoal, insecticidal, trypanocidal, antibacterial, antifungal, cytotoxic, antioxidant, mutagenic, proliferative agent of human keratinocytes and fibroblasts. Taleb et al. [6] evaluated the antiprotozoal effect of total extracts and purified flavonoids from Chromolaena hirsuta and determined antiprotozoal activity against trypomastigotes of Trypanosoma cruzi and amastigotes of Leishmania amazonensis; the crude extracts significantly reduced parasite viability and the flavonoids showed an antiproliferative effect on these. Phan found that phenolic compounds of Chromolaena odorata, p-hydroxybenzoic acid and p-coumaric acid, flavones, flavanones and chalcones protect skin cells from oxidative damage and repair skin conditions [7] . Bouda observed the effect of essential oils from leaves of Chromolaena odorata on the mortality of Sitophilus Curculionidae (Coleoptera) with a LD50 of 6.78% [8] . Thang evaluated the antioxidant effect of extracts of Chromolaena odorata on human dermal fibroblasts by measuring the protectant effect against damage from hydrogen peroxide and hypoxanthinexanthine oxidase [9] . Phan showed that Eupolin extract Table 1 : Effect of the flavonoids on cell viability at 24h of treatment.
CELL VIABILITY
Trypan blue FLAVONOID -g % TO 24 h 3,5-dihydroxy-7-methoxyflavanone-100 94.4 3,5-dihydroxy-7-methoxyflavanone-50 100 3,5-dihydroxy-7-methoxyflavone-100 89 3,5-dihydroxy-7-methoxyflavone-50 100 adhesion complex and fibronectin in human keratinocytes [10] . They found increased expression of integrin b1 and b4 induced by the extract at concentrations of 0.1 and 1 g/mL, but the expression was reduced at higher doses of Eupolin (10 to 150 g/mL). Other researchers [11] have studied the proliferation of fibroblasts and endothelial cells treated with hydroethanolic leaves extracts of Chromolaena odorata (Eupolin). The greatest growth of fibroblasts and endothelial cells was found at concentrations of 10 g/mL and 100 g/mL of Eupolin extract, but it was found to be toxic at concentrations exceeding 250 g/mL. The species Chromolaena perglabra, C. tacotana, C. bullata, C. subscandens, C. leivensis and C. scabra are found in the Cundiboyacense region of Colombia, and C. barranquillensis is found in the Atlantic coast., These species have not been studied at depth with respect to their biological activities, specifically as antiparasitic agents against Chagas and Leishmania and their cytotoxic and antitumor potential.
In this investigation we studied the production of secondary metabolites in the leaves of C. leivensis and isolated the flavonoids 3,5-dihydroxy-7-methoxyflavanone, 3,5-dihydroxy-7-methoxyflavone and 3,5,7trihydroxy-6-methoxyflavone, the first two compounds were tested for their activity on cancer cell lines. Using the trypan blue test, it was observed in K562 cells (erythroleukemia) viability percentages of 90% using a concentration of 100 g/mL, which indicates that flavonoids at these concentrations are not cytotoxic. The flavonoids tested at concentrations of 25, 50 and 100 g/mL showed toxicity affecting the morphology of human erythroleukemia cells (K562) and human melanoma cells (A375). Induction of apoptosis was produced by the flavonoid 3,5-dihydroxy-7-methoxyflavone at 72 hours of treatment with arrest in G2/ M. In A375 cells treated with 50 g/mL of the flavonoids for 24, Secondary metabolites in the leaves of C. leivensis Natural Product Communications Vol. 6 (7) 2011 949 48 and 72 hours, it was observed that the flavonoid 3,5dihydroxy-7-methoxy-flavanone influences the behavior of the cell cycle. The flavonoid 3,5-dihydroxy-7-methoxyflavone have activity on mitochondrial membrane at concentrations of 25, 50 and 100 g/mL, at time intervals of 8 to 12 hours. It was also observed that the flavonoids 3,5-dihydroxy-7-methoxy-flavanone and 3,5-dihydroxy-7methoxyflavone at a concentration of 25 g/mL increased the expression of costimulatory molecules corresponding to the phenotype presented by mature dendritic cells with differentiation markers CD40, CD83, CD86 and HLA-DR. The two flavonoids at concentrations between 0.39 and 100 g/mL slightly increased the proliferation of peripheral blood mononuclear cells in the presence and in the absence of phytohemagglutinin. It was also determined that fibroblast proliferation increased slightly at concentrations of 50 and 100 g/mL of these flavonoids.
Experimental
Materials were collected in the outskirts of Bogota, Colombia; a control sample was sent to the National Herbarium of Colombia for identification and was determined to be Chromolaena leivensis (Hieron). King & H. Rob. with the number COL-535 219 Colombian National Herbarium. The extraction was carried out in Soxhlet with 95% ethanol (4L) with a yield of 31.04%. 200 g of extract was mixed with silica gel (1:2) and extracted solid -liquid with petroleum ether (3L), toluene (2L), dichloromethane (2L), ethyl acetate (2L) and methanol (3L), successively, with yields of 2.66% for petrol, 29.09% for Toluene, 15.68% for CH 2 Cl 2 , 14.66% for AcOEt and 30.08% for MeOH. Five grams of the toluene fraction were subjected to column chromatography with silica gel (100 g silica gel Merck Kieselgel), eluting with petroleum ether, toluene and methanol in various proportions. By fractional crystallization three flavonoids were isolated and identified as 3,5-dihydroxy-7methoxyflavanone, 3,5-dihydroxy-7-methoxyflavone [13] and 3,5,7-trihydroxy-6-methoxyflavone. [14] .
Cell viability: Cell viability was measured using trypan blue, a negatively charged chromophore that interacts with cell membranes whose integrity has been altered. Living cells exclude the dye while dead cells allow entry and are stained. The effect of flavonoids 3,5-dihydroxy-7methoxy-flavanone and 3,5-dihydroxy-7-methoxyflavone on cell populations with concentrations less than or equal to 100 g/mL were analysed at 24 and 48 hours. The data are listed in Table 1 .
Evaluation of cell cycle distribution:
To demonstrate the effect of flavonoids 3,5-dihydroxy-7-methoxy-flavanone and 3,5-dihydroxy-7-methoxyflavone on the cell cycle in the A375 tumor cell line, cells were synchronized in G1 phase by total withdrawal of fetal bovine serum for 3 days. Once synchronized, the cells were grown in twelvewell plates at a density of 400,000 cells/mL and incubated in the presence and absence of the test compounds. After the incubation period, samples were analyzed in a flow cytometer, using Cell Quest Pro program and subsequent analysis was performed by the Modfit program V. 2.0. (FACSCalibur, Beckton Dickinson). The calibration parameters were established, and the linearity of the laser was measured for further analysis with the program Modfit. The data are shown in Table 3 .
Mitochondrial membrane depolarization:
The iodide of 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenzimidazolyl carbocyamine (JC-1) is a lipophilic cationic compound sensitive to changes in mitochondrial membrane potential. In healthy cells the tagged mitochondria emits red fluorescence. The negative charge established by the intact mitochondrial membrane allows the JC-1, which has delocalized positive charge to enter the mitochondrial matrix where it accumulates. When it reaches a critical concentration it forms J-aggregates that emit red fluorescence. In apoptotic cells, the membrane potential of mitochondria declines, and the JC-1 cannot accumulate within the organelle and remains in the cytosol as a monomer emitting green fluorescence. The aggregate red form has a maximum absorption / emission 585/590 nm, while for the green monomer is 510/527 nm. The test was performed using the cationic lipophilic fluorochrome JC-1, at concentration of 10 g/mL, from a diluted stock solution in DMSO and kept at 4°C. The K562 cells (1X106) were treated with flavonoids 3,5-dihydroxy-7-methoxyflavanone and 3,5-dihydroxy-7-methoxyflavone in 24 well plates and read at 4, 8 and 12 hours. The cells were then incubated for 10 minutes at 37°C and read immediately using a flow cytometer, using the Cell Quest Pro program (FACSCalibur, Beckton Dickinson). The data obtained are shown in Table 4 .
Dendritic cells analysis:
Peripheral Blood mononuclear cells (PBMC) were obtained and washed in RPMI 1640 supplemented with 1% fetal bovine serum (FBS). The viability and cell numbers were assessed by trypan blue staining and Neubauer cell counting chamber, respectively. The CD14+ cells were incubated in RPMI 1640 in the presence of 35 g/mL of interleukin (IL-4) and 50 g/mL growth factor granulocyte and monocyte GM-CSF (R&D system) for 5 days of culture, verifying their morphology by light microscopy. At day 5 of culture, DCs were treated with different concentrations (12, 25 and 50 g/mL) of flavonoids 3,5-dihydroxy-7-methoxy-flavanone and 3,5dihydroxy-7-methoxyflavone, and 1 μg/mL of lipopolysaccharide (LPS) as a positive control for differentiation . The expression of surface markers was assessed by flow cytometry after 48 hours using antibodies against CD40, CD83, CD86 and HLADR. The data obtained showed proliferation of dendritic cells.
Evaluation of the effect of the flavonoids on the viability of PBMNC and fibroblasts:
The effect of flavonoids 3,5-dihydroxy-7-methoxy-flavanone and 3,5dihydroxy-7-methoxyflavone on cell viability of peripheral 950 Natural Product Communications Vol. 6 (7) 2011 Torrenegra G. & Rodríguez A. blood mononuclear cells (PBMNC) cells was analyzed by seeding the cells in 96-well plates at a density of 200,000 cells/well in 200 L of RPMI 1640 without phenol red supplemented with 10% FBS and stimulated for 12 hours with the mitogen PHA (250 L/100 mL) and then placed in contact with different concentrations of each flavonoid. Cells treated with DMSO (vehicle) were used as a control. Fibroblasts were analyzed in a similar manner. Briefly, cells were seeded at a density of 15,000 cells/well in 200 L of medium in a 96-well plate and allowed to adhere for 24 hours; different concentrations of the flavonoids were added and incubated for 24 hours (37°C, 5% CO 2 , 95% humidity). After incubation with the flavonoids, 110 L of medium was added to 10 L of 12 mM MTT and incubated for 4 hours (37°C, 5% CO2, 95% humidity) protected from light. After this time, the crystals of formazan resulting from the metabolism of MTT by mitochondria of viable cells were dissolved with 100 L of SDS-HCl 0.01M. The plates were incubated again under the same conditions for 4 hours. The color intensity was read by absorbance at 540 nm in an ELISA reader (Labsystems Multiskan MCC/3340).
